Clinical guidelines recommend early discharge of patients with low-risk pulmonary embolism (LRPE). This study measured the overall impact of early discharge of LRPE patients on clinical outcomes and costs in the Veterans Health Administration population. Adult patients with !1 inpatient diagnosis for pulmonary embolism (PE) (index date) between 10/2011-06/2015, continuous enrollment for !12 months pre-and 3 months post-index date were included. PE risk stratification was performed using the simplified Pulmonary Embolism Stratification Index. Propensity score matching (PSM) was used to compare 90-day adverse PE events (APEs) [recurrent venous thromboembolism, major bleed and death], hospital-acquired complications (HACs), healthcare utilization, and costs among short ( 2 days) versus long length of stay (LOS). Net clinical benefit was defined as 1 minus the combined rate of APE and HAC. Among 6,746 PE patients, 95.4% were men, 22.0% were African American, and 1,918 had LRPE. Among LRPE patients, only 688 had a short LOS. After 1:1 PSM, there were no differences in APE, but short LOS had fewer HAC (1.5% vs 13.3%, 95% CI: 3.77-19.94) and bacterial pneumonias (5.9% vs 11.7%, 95% CI: 1.24-3.23), resulting in better net clinical benefit (86.9% vs 78.3%, 95% CI: 0.84-0.96). Among long LOS patients, HACs (52) exceeded APEs (14 recurrent DVT, 5 bleeds).
Introduction

Background
Pulmonary embolism (PE) is responsible for at least 100,000-200,000 deaths in the United States each year, and is the third major cause of cardiovascular death after myocardial a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 infarction and cerebrovascular accidents [1] . The annual incidence rate of PE is 1.0 per 1,000 persons, rising exponentially with age [2] . Based on autopsy data results, incidence of this disease is highest among individuals aged between 70-80 years. If untreated, acute PE is associated with a death rate as high as 30%, whereas the death rate of diagnosed and treated PE is 8% [3] .
Importance PE is generally diagnosed in patients by performing a Computed Tomography Angiography (CTA), and the majority of US patients are admitted for risk stratification and initiation of anticoagulation therapy [4] . Several risk-stratification algorithms have been developed, including the Geneva score, the Pulmonary Embolism Severity Index (PESI) score, the simplified PESI (sPESI) score, the Spanish score, the Davies criteria, the Home management exclusion criteria, and the Hestia criteria [5, 6] .
PE is associated with a substantial burden of health care utilization and associated costs. The annual cost per patient for an initial episode of PE ranges from $13,000 -$31,300, and with recurrent episodes, the annual cost per patient is $11,014 -$14,722 [7] . Since patients with low-risk PE (LRPE) can be identified using the validated risk stratification tools, an opportunity exists to select a population of patients that can be safely treated without a traditional hospital admission [7] . It has been estimated that up to 50% of PE patients can be treated safely in an outpatient setting [8] . American and European professional organizations have guidelines that support such an approach. The updated 2016 ACCP guidelines suggest that LRPE patients with adequate home circumstances can be treated at home or with an abbreviated hospital stay [8] . The European Society of Cardiology advocates for the risk stratification of PE patients and the consideration of an outpatient management option for LRPE patients [9, 10] . While treatment of LRPE patients in outpatient settings is widely practiced in European countries, physicians in the US have not widely adopted an outpatient or observation management strategy. Some factors identified as barriers to outpatient management of LRPE patients include physician resistance, medication security, difficulty in risk stratification, and lack of a uniform approach to risk stratification [11] .
Goals of this investigation
Given the numerous studies supporting the benefit of early discharge among LRPE patients, the purpose of our study was to examine whether short length of stay (LOS) is associated with improved clinical and economic outcomes in a real-world setting.
Methods
Study design and setting
This was a longitudinal, retrospective cohort study assessing the Veterans Health Administration (VHA) population from October 1, 2010 through September 30, 2015. The VHA is the largest integrated health care system in the United States, providing care at 1,245 health care facilities, including 170 VA medical centers and 1,065 outpatient clinics, serving more than 9 million enrolled veterans across the country [12] . Since this study does not involve the collection, use or transmittal of individual identifiable data, Institutional Review Board approval to conduct this study was not required.
Electronic health data collected within the VHA national Medical SAS [NOACs] ) during the hospital stay and were continuously enrolled in a health plan with medical and pharmacy benefits for at least 12 months prior to the index hospitalization discharge, including the hospital stay (baseline period) until 3 months post-index date or death (follow-up period), whichever came first. The first PE diagnosis date was designated as the initial diagnosis date, and the discharge date was designated as the index date. Patients who were administered subcutaneous heparin during the hospital stay were not included, since many patients are given subcutaneous heparin as a prophylaxis for deep vein thrombosis and PE. Also, patients with a PE claim or any anticoagulant claim prior to the initial diagnosis date were excluded.
Eligible PE patients were stratified using the sPESI criteria into low-risk PE (LRPE) and high-risk PE (HRPE). The sPESI is a simplified version of the PESI in which selected variables of the original score are included (age, history of cancer, history of chronic cardiopulmonary disease, pulse, systemic blood pressure, and oxygen saturation levels). Patients scoring 0 points were considered at low risk. LRPE patients were further stratified, based on their LOS, into short LOS ( 2 days) and long LOS (>2 days) cohorts. Outcomes. The percentage of patients with HACs and surgical procedures (thrombolysis, placement of inferior vena cava filter) during index hospitalization were evaluated. HACs were identified using the ICD-9-CM codes (S3 Table) . APEs (recurrent venous thromboembolism [VTE], major bleeding, death), diagnostic tests (CTA, echocardiogram, lung ventilation/perfusion [VQ] scan, venous Doppler ultrasound) were also evaluated. Recurrent VTE was defined as having a hospitalization claim for DVT or PE between 8 and 90 days after the index date. Major bleeding was defined using a previously validated algorithm developed by Cunningham et al. [17] . The algorithm employed a systematic approach to identify major bleeding events using ICD-9-CM/CPT diagnosis and procedure codes (S2 Table) . We defined the net clinical benefit as 1 minus the combined rate of APE events and HACs. The percentage of patients with any (ie, not disease-specific) inpatient hospitalization, outpatient stay, or pharmacy visit, as well as the mean number of visits per patient and the associated health care costs during the 90-day follow-up period, were reported.
Analysis. Descriptive statistics were provided for all study variables, including baseline demographics, clinical characteristics, and outcome variables among short LOS and long LOS LRPE cohorts, and statistical tests of significance (chi-square for categorical variables, t-test for continuous variables) were conducted to assess differences between the cohorts. Logistic regression was used to identify the predictors of hospital LOS (short vs long LOS) among LRPE patients. Patient characteristics such as gender, race, BMI, CCI score, baseline comorbidities, clinical markers, and diagnostic tests were included as independent variables in the model. Hospital LOS was the dependent variable. Odds ratio (OR) and 95% confidence intervals (CIs) were presented. Propensity score matching (PSM) was used to compare the clinical and economic outcomes among short vs long LOS LRPE cohorts. Each short LOS patient was matched to a long LOS patient within 0.01 units of the propensity score. The propensity score was calculated via a logistic regression model. The adequacy of the matching procedure was assessed by standardized difference; a difference of <10% is considered well balanced. Costs were compared between the PSM-matched cohorts with a generalized linear model with a gamma distribution and log link to account for the expected non-normality of cost data. All analyses were conducted using SAS statistical software (SAS 9.3, Copyright 2012, SAS Institute Inc., Cary, NC, USA.)
Results
Characteristics of study subjects
After applying the inclusion and exclusion criteria, 6,746 PE patients were included in the study. Among these patients, 1,918 (28.4%) met the definition of being LRPE patients. Among the LRPE patients, 688 (35.9%) had a short LOS and 1,230 (64.1%) had a long LOS (Fig 1) .
Before matching, LRPE patients with a long LOS were older (60.7 vs 58.4 years, 95% CI: 1.28-3.37) and a higher percentage were men (94.6 vs 91.3, 95% CI: 1.01-1.06) as compared to LRPE patients with a short LOS. Long LOS patients had higher CCI scores (1.1 vs 0.8, 95% CI: 0.16-0.42) and a higher proportion of patients with individual baseline comorbidities, including moderate or severe renal disease (20.3% vs 14.2%, 95% CI: 1.04-1.96), diabetes (29.3% vs 22.5%, 95% CI: 1.10-1.53), and cardiac dysrhythmia (16.4% vs 10.0%, 95% CI: 1.27-2.12) as compared to short LOS patients. Also, the long LOS cohort had a higher proportion of patients with troponin I testing (38.1% vs. 30.1%, 95% CI: 1.11-1.45) and elevated troponin I >0.04 ng/ ml (46.5% vs 23.7%, 95% CI: 1.11-1.45) or troponin T >0.03 ng/ml (73.7% vs 28.6%, 95% CI: 1.08-6.16) during index hospitalization as compared to the short LOS cohort (Table 1) .
After 1:1 PSM, a total of 784 (40.8%) patients were included in the long LOS (n = 392) and short LOS (n = 392) LRPE cohorts. The cohorts were well-balanced based on baseline demographic and clinical characteristics with standardized differences of < 10%.
PSM-adjusted adverse PE events, HACs, surgical procedures, and diagnostic tests
There were no differences in the follow-up adverse PE events, including recurrent VTE, major bleeding, and death between the short LOS and long LOS LRPE cohorts. However, LRPE patients with a short LOS had fewer HACs (1.5% vs 13.3%, 95% CI: 3.77-19.94), including hospital-acquired pneumonia (0.0% vs 8.4%) during index hospitalization. Additionally, the short LOS cohort had a lower proportion of patients with bacterial pneumonia (5.9% vs 11.7%, 95% CI: 1.24-3.23) than the long LOS cohort. Net clinical benefit was higher for short LOS patients. (86.9% vs 78.3%, 95% CI: 0.84-0.96). Among long LOS, the number of HACs (52) exceeded adverse PE events (14 recurrent DVT, 5 bleeds, 10 deaths) ( Table 2) . LRPE patients with a long LOS had a higher number of surgeries for placement of the inferior vena cava filter than the short LOS patients (4.8% vs 0.8%, 95% CI: 1.89-21.23) during index hospitalization. During the 90-day follow-up period, the long LOS cohort, as compared to the short LOS cohort, had a lower proportion of patients with a VQ scan (1.8% vs 4.3%, 95% CI: 0.17-0.98) and a Venous Doppler Ultrasound (20.4% vs 29.6%, 95% CI: 0.54-0.88).
PSM-adjusted follow-up health care resource utilization and costs. The long LOS cohort, as compared to the short LOS cohort, had a higher number of pharmacy visits per patient (12.2 vs 9.4, 95% CI: 1.34-4.18) and incurred higher inpatient ($5,100 vs $2,164, 95% CI: $646.80-$5225.00), total medical ($11,135 vs $7,843, 95% CI: $796.40-$5787.70) and total costs ($12,544 vs $9,056, 95% CI: $636.60-$6337.70; Fig 2) .
Predictors of hospital LOS among LRPE patients. Patients with CTA (OR: 4.8, 95% CI: 3.8-6.0), VQ scan (OR: 3.8, 95% CI: 1.9-7.7), and venous Doppler ultrasound (OR: 1.4, 95% CI: 1.1-1.9) in the baseline period had increased probability of a short LOS among LRPE patients, and patients with assays for clinical markers troponin I (OR: 0.7, 95% CI: 0.5-0.9) and natriuretic peptide testing (OR: 0.7, 95% CI: 0.6-0.9) during index hospitalization had decreased probability of a short LOS. The odds of a short LOS decreased among LRPE patients with LV dysfunction (OR: 0.2, 95% CI: 0.1-0.6), hospitalized DVT (OR: 0.7, 95% CI: 0.6-0.9), and peptic ulcer disease (OR: 0.3, 95% CI: 0.1-1.0).
Limitations
The findings from our study should be viewed in the context of some study limitations. First, the study relied on retrospective claims data. While claims data are extremely valuable for the Early discharge benefit: Low-risk pulmonary embolism efficient and effective examination of health care outcomes, treatment patterns, and costs, they are collected for payment and not research. The presence of a diagnosis code on medical claims is not a positive presence of disease and may be incorrectly coded or included as rule- out criteria rather than the actual disease. To ensure exclusion of any rule-out PE diagnosis, PE patients were required to have an anticoagulant claim during their hospital stay. The presence of a claim for a filled prescription does not indicate the medication was consumed or taken as prescribed. Also, prescriptions filled over-the-counter or provided as samples by the physician are not observed in claims data. Thus, the true number of medications prescribed may not be accurately recorded. Third, certain clinical and disease-specific parameters are not readily available in claims data that could have effect on study outcomes. Patients in the long LOS cohort may have had non-coded reasons explaining their longer stay. For example, those with unstable social situations may have been kept longer while attempting to arrange more stable outpatient management strategies. Further, longer LOS patients may have been perceived to suffer greater fragility by their physicians, which may explain their older age. Finally, it should be noted that troponin results are not included in the majority of PE risk stratification scores. Thus, higher troponin levels found in the longer LOS cohort may have prompted additional evaluation that required a longer inpatient time or may have prompted a longer admission as some studies suggest higher risk with elevated biomarkers. Interestingly, our study does not confirm worse outcomes in patients with elevated biomarkers.
Finally, it should also be noted that PSM adjustment cannot resolve problems due to imbalances in unmeasured factors. It is possible that there were unobserved variables that the PSM does not correct for in risk-adjusted tables. The current study also represented only US data from a specific subpopulation (VHA veterans), who were mostly elderly men. Therefore, the general applicability of our findings to young male patients or females requires further study.
Discussion
PE is one of the leading causes of cardiovascular morbidity and mortality [18] . The key to effective treatment lies in the appropriate risk stratification-low-risk patients can benefit from abbreviated hospital stays or outpatient therapy, which can reduce the economic burden of the disease [19] . In our study, we found that in a real-world clinical setting, LRPE patients with a short LOS have better clinical outcomes at lower costs than those with a long LOS. Importantly, LRPE patients with longer LOS suffered markedly higher rates of hospital acquired conditions. Our comparison between long and short LOS patients is unique and allows the quantification of the impact of hospital exposure in putatively comparable populations.
In a study conducted by Dentali et al., 26.1% of PE patients were classified as low-risk, while 30.7% were classified as low-risk by Jimenez et al., per the sPESI criteria [20, 21] . Our results were consistent with these studies, since 28.4% of PE patients were stratified as lowrisk. Results of our study showed that CTA was the most common diagnostic test used among the 2 cohorts, which is consistent with previous studies [22, 23] . Surprisingly, the short LOS cohort included a higher proportion of patients with a CTA test than the long LOS cohort. This may have been due to the possibility that health care providers were confronted with diagnostic uncertainty and thus performed more tests to confirm the diagnosis.
In our analysis, patients with a longer LOS also had higher mean troponin levels. Some PE risk stratification tools include troponin, levels but the data is inconclusive on the risk associated with elevations therefore we included patients with elevations in the LRPE cohort. This is in contradistinction to a study conducted by Kang et al., in high-risk patients who had elevated levels of cardiac biomarkers including troponin T/I [24] . Additionally, in a meta-analysis published by Becattini and colleagues on the relation between troponins and mortality and morbidity in acute PE, they confirmed that the increase of troponins I and/or T was associated with higher medical complications and mortality even in the subgroup of low-risk and hemodynamically stable patients but not higher PE related adverse events [25] . This evidence supports the findings of our study as we observed elevated clinical markers in the LRPE patients with a longer LOS, but suggests this marker may be less relevant than clinical risks. Given the nature of the study methodology, we cannot discern whether or not patients with elevated troponin had a longer LOS because clinicians were executing additional diagnostics in this subpopulation. Despite differences in study design/settings and study population, our finding of increased HACs among long LOS patients is consistent with a number of previous studies [26, 27, 28] . However, it is difficult to determine whether a longer LOS is caused by medical complications or that a longer LOS caused the complications, as pointed out in earlier studies [26, 27] . This challenge is also present in our study and should be kept in mind when interpreting the findings. The results of a meta-analysis conducted by Zondang et al. showed that PE patients who were treated at home or those discharged early had similar pooled incidences of recurrent VTE and major bleeding as those patients who were treated in the hospital. The study also observed that PE-related mortality did not occur in either the patients treated at home or discharged early [29] . The results of our study agree with the above study, as we observed no differences in the follow-up clinical outcomes including recurrent VTE, major bleeding, and death between the short LOS and long LOS LRPE patients.
Our study showed that long LOS patients had more inpatient and pharmacy visits and higher health care costs. Previous studies showed that increased hospital LOS is an important driver of costs among PE patients and suggested that implementation of outpatient treatment strategies or early discharge would substantially reduce health care costs [22, 30, 31] . Studies have suggested that the home treatment of PE has cost savings in the range of $500-$2,500 per patient [7, 32] . Additionally, Coleman et al. observed lower costs of hospital treatment among low-risk PE patients discharged within 2 or 3 days than those who stayed longer in the hospital [8] .
Recently-published practice guidelines that recommend outpatient care for carefully selected patients with non-massive PE fail to specify how these low-risk patients can be identified accurately [32] . Previous studies observed that PE patients with a shorter LOS had higher post-discharge mortality, implying that the physicians may inappropriately select those patients at a higher risk for complications for early discharge [30, 33] . Hence, outpatient and early discharge should only be considered in low-risk PE patients [29] . sPESI criteria used for risk stratification in our study is the most extensively-validated clinical prognostic criteria [9, 21] . The results of a cohort study conducted by Donadini et al. showed that LOS was only associated with national early warning score (NEWS), a non-specific PE validated score, where NEWS !5 was considered a negative predictor for shorter LOS [34] . Additionally, previous studies assessing the patient and hospital factors in hospitalized patients showed that the presence of a DVT, higher rates of individual comorbidities, and a higher risk score were more likely to have a longer LOS among PE patients [30, 32] . Our study results are in agreement with these studies, since patients with hospitalized DVT, peptic ulcer disease, and clinical markers troponin I and B natriuretic peptide were negative predictors for a shorter LOS. However, more research is necessary to evaluate the association between LOS and diagnostic tests. There is a need to conduct further studies assessing HACs and the associated health care utilization and costs among LRPE patients. Further research will help to provide efficient treatment and thus improve outcomes and reduce health care costs among PE patients.
In summary, the results of this study showed that LRPE patients with a short LOS had better clinical outcomes at lower costs than those with a long LOS. Therefore, risk stratification of PE patients is of utmost importance, and reducing the LOS among LRPE patients may substantially reduce the disease's clinical and economic burden. 
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